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Abstract 
Vision is the most dominant sense among the five senses of human in terms of perception. Visual 
perception is impossible without light. The sun as the biggest natural light source provides our life 
with light. Lighting, representing equipment for producing light, has been developed for us to visually 
perceive things in the dark such as night. Together with the improvement of artificial light sources, 
lighting has been utilized in various purposes for our everyday products. The roles of lighting can be 
defined as four dimensions: Visibility, Information transfer, Visual aesthetic enhancement, and 
Emotion induction. LED has been used in diverse electronic appliances in order to transfer 
information to the user. For example, the indicator of a battery charger shows whether or not the 
batteries are fully charged with lighting. Although LED lighting can be controlled with several factors, 
current products in the market have adopted only a few factors of the lighting: for example, turning on 
or off and changing colors to indicate the status. Therefore, this study aims to explore new interaction 
to transfer information with lighting factors.  
An experiment was designed to identify how lighting factors can be utilized to transfer information. 
Lighting factors were determined for the experiment. Six factors of lighting were defined based on 
literature review: Intensity, Color, Area, Movement, Texture, and Distribution. There are three types of 
information in human-product interaction: the information of a user, the product and the environment. 
Three products were chosen to represent each type of information: blood pressure gauge, external 
hard disk, and ozone concentration indicator. Three scenarios were given for each product depending 
on what level of information is necessary for the user. In order to control each factor of lighting 
experimental devices were made with Arduino and LED lighting. 30 participants were recruited for 
the experiment. They were invited to places where the products are actually used, and took part in the 
experiment. A retrospective interview was followed at the end of the experiment with each product.  
The data from the experiment was statistically analyzed. According to the results of statistical 
analysis, lighting factors can play an important role in information transfer. For example, Movement 
and Color are most effective factor to deliver information, which was in common between three types 
of product. The other factors of lighting are influential in information transfer depending on particular 
types of product. The study also revealed the way that lighting factors are selected is related to how 
urgently the information should be perceived. This implies that lighting is a useful way to intuitively 
and fast deliver information to people. However, it is also found out that dazzling lighting is not 
preferable in case that the information is neither important nor urgent to perceive. Therefore, a 
conclusion was drawn that lighting is an effective means to transfer information. This study will help 
designers understand the roles of lighting factors in information transfer and furthermore develop 
products with lighting that people love to use.  
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1. Introduction 
 
1.1 Background  
Human beings receive various types of stimulation through the five senses: vision, sound, 
touch, smell, and taste. Vision is the most dependent senses for human’s everyday life, 
because more than 50% of the brain is related to vision directly or indirectly (Elizabeth, 
1996). For such reasons, visualization is the most effective way of how to deal with 
information transfer (Smiciklas, 2012). People often meet visual information in their daily 
lives while walking on the street, reading a book, and so on. Light, one form of 
electromagnetic radiant energy (Bruce, Green, & Georgeson, 2003), plays an essential role in  
delivering visual stimulation to the human eye, leading to visual perception. Throughout most 
of human history, people’s daily life followed the cycle of the sun that is the biggest supplier 
of light on Earth. People had started to use fire as an illuminator in the dark such as night, 
which is the origin of the artificial light. And such use of light in human life is defined as 
lighting (Cho, Yang, & Seo, 2010). In early lighting, candles and lamps were mainly used for 
the purpose of brightening spaces. Unfortunately, these lightings, utilizing fire as the source, 
had difficulties in emitting stable and regular light. Thanks to the bulb that Thomason Edison 
invented in 1879, our daily activities were able to be expanded into night without many 
constraints (Brox, 2010). Sources of artificial lighting have been developed continuously until 
today. Thanks to the development of artificial lighting sources, lighting is used not only to 
brighten space but also to play various roles in products (Figure 1). 
 
 
Figure 1 Various utilizations of lighting in human product 
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In human product interaction, lighting has been utilized in diverse forms by adjusting lighting 
factors. First of all, this study redefined the role of lighting to comprehend specific uses of 
lighting in human product interaction and find out the controllable factors of lighting. This 
study focused on information transfer among the newly defined roles of lighting because 
information transfer induced strong interaction between user and product. In particular, 
thanks to the advantages of LED (Light Emitting Diode), which is more efficient, digitally 
controllable, and much smaller (Hoonhout, Jumpertz, & Mason, 2011; Xiaoyun, Xiaojian, & 
Yan, 2009), utilizations of lighting are increasing to transfer information in electrical 
appliances. Most present products have used single point lighting or screen display lighting to 
present information. Single point lighting has been used to deliver information in products 
related to computers, televisions, mobile phones, cars and so on (Harrison, Horstman, Hsieh, 
& Hudson, 2012) (Figure 2). Screen display lighting has been used to present more detailed 
information with numbers and letters than single point lighting (Figure 3). 
 
Figure 2 Examples used single point lighting (Harrison et al., 2012) 
 
Figure 3 Examples used screen display lighting 
However, single point lighting is limited in their expressive information (Harrison et al., 
2012), and numerical or literal information on the screen is not intuitive to users at a glance. 
Controlling several lighting factors would produce more enriched information than single 
point lighting, and an expression of lighting-based information would improve intuitive 
recognition for a product’s users over screen display lighting. Therefore this study aims to 
explore intuitive and enriched information transfer with various lighting factors. The main 
research questions are as follows: 
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- What factors of lighting are involved in transferring enriched information? 
- What perceptions do people have about lighting-based information in human-product 
interaction? 
 
1.2 Methodology  
Before dealing with the main research question, a literature review was conducted to establish 
the theoretical foundation of the roles and factors of lighting and information types. 
Moreover, relevant basic theories such as vision, visual perception, and light foundation were 
investigated. After investigating the theoretical foundations, an experiment was designed to 
answer the research questions: i.e. how lighting factors are related to delivering enriched 
information. According to the type of information, three representative products were chosen.  
Experimental products were manufactured to control the factors of lighting with those 
products. Each experimental product had three scenarios based on information that is 
necessary for the product’s usage. 30 participants were recruited for the experiment. 
Participants were asked to select a level of each lighting factor, which is most appropriate to 
represent the information in given scenario. A retrospective interview was conducted so as to 
discover why they had made such choices. The data from the experiment was analyzed 
quantitatively and qualitatively. 
 
 
Figure 4 A summary of this study procedure 
 
1.3 Thesis Outline  
This thesis is composed of five chapters. Chapter 1 includes the introduction of the research 
background and research questions. Chapter 2 consists of theoretical foundations based on the 
literature review. This review contains four main elements: visual perception with light, roles 
of lighting, factors of lighting, and types of information in human-product interaction. 
Chapter 3 includes the procedure of the experimental design. This chapter describes the 
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process of the experiment in detail. Chapter 4 describes the results of the experiment. The 
quantitative analysis is used to evaluate which factors of lighting are effective. A qualitative 
analysis is also used to get better understanding of the roles of lighting factors in information 
transfer. Chapter 5 includes the conclusions and implications of the study.  
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2. Theoretical foundations 
 
2.1 Introduction 
We cannot imagine our life without light because people greatly depend on the illumination. 
To gain visual stimulation, light is necessary. The use of light is defined as lighting (Cho et 
al., 2010). Human has used lighting for a long time to gain visual stimulation. Theoretical 
foundations are surveyed to gain knowledge of several fields that is necessary to identify the 
role of lighting in information transfer. This chapter consists of four main elements: visual 
perception with light, the role of lighting, factor of lighting, and information type.  
First, the definition of light is determined. Visual perception and the process of receiving light 
information follow. The role of lighting and factor of lighting are investigated based on the 
literature review and redefined. Lastly, the definition and classification of information types 
are presented.  
 
2.2 Visual Perception with Light 
2.2.1 Definition of Light  
Light is “radiant energy that is capable of exiting the retina (of the eye) and producing a visual 
sensation” (IES Nomenclature committee, 1979). Light is one form of electromagnetic radiation; 
its wavelength ranges from hundreds of meters, however only a very small part of this range is 
visible. Humans can see radiation with wavelengths between 400 and 700 nanometers (1nm = 10-9 
m) (Bruce et al., 2003) (Figure 5).  
The material which can emit light by itself is called a light source (Baek, 2011). Light sources can 
be divided into two main groups: natural light and artificial light. The sun is the biggest supplier of 
natural light (Hartog, 2010). Oil, gas flames, and electric light sources produce artificial light 
(Boyce, 2003).  
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Figure 5 The spectrum of electromagnetic radiation (Bruce et al., 2003) 
 
2.2.2 Brief Introduction to Visual Perception 
Visual perception is an ability to transfer light into electric signals by processing in the visual 
system. The rod and cone in the retina of the eye interpret light. How sensitive human in light 
depends on the rod and cone receptors (Goldstein, 2009).  
The absorption spectra of three different cone visual pigments, with maximum absorption in 
the short- (419nm), middle- (531-nm), and long-wavelength (558-nm) regions of the 
spectrum, help to get color information from vision (Dartnall, Bowmaker, & Mollon, 1983; 
Schnapf, Kraft, & Baylor, 1987). Perception of brightness refers to the physical amount of 
light depending on two things: the illumination and object’s reflectance (Goldstein, 2009; 
Ware, 2010).  Humans can distinguish depth and size through oculomotor cues such as 
relative height, relative size, perspective convergence, atmospheric perspective, and shadows. 
Moreover binocular disparity, difference in image by right eye and left eye, is also a 
significant cue to perceive depth information.  
Now, humans obtain a lot of information through visual perception such as color, intensity, 
size, distance and so on. More than 50% of the brain is related to vision directly or indirectly 
(Elizabeth, 1996). The 20 billion or so neurons of the brain devoted to analyzing visual 
information provide a pattern-finding mechanism that is a fundamental component in much of 
our perspective and cognitive activity (Ware, 2013). Vision is the most important sense 
among the five senses.  
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2.2.3 Process of Sight with Human Vision System 
Humans can see objects thanks to the visible light. The essential role of light gives 
stimulation to our visual system in order to look objects. The perceptual process of sight 
follows up four categories: stimulus, electricity, experience and action, and knowledge 
(Goldstein, 2009). When light illuminates the object, the surface of the object reflects that 
light as shown in Figure 6. The reflected light comes into the eyes, and it is focused onto the 
retina through the lens. This light is the stimulation that is converted to electric signals for 
transmitting through the retina to the brain that involves interactions between neuron systems. 
The brain transforms awareness of perception, recognition and action. And repeated 
stimulation becomes knowledge of situations that were experienced in the past (Goldstein, 
2009).  
 
Figure 6 Process of delivering visual stimulation 
 
2.3 Roles of Lighting 
2.3.1 Definition of Lighting  
In everyday life human beings heavily depend on the sun as the source of illumination (Sanders & 
McCormick, 1993). It is impossible to live without light and even imagine that life. Human beings 
have been trying to get and handle light endlessly, because it plays an essential role in visual 
perception. The light has been used and applied to human’s activities and life for certain purposes. 
This use of the light is defined as lighting (Cho et al., 2010). 
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2.3.2 Brief History of Artificial Lighting 
Before people were able to handle artificial light expertly, the daily life of humans had to follow 
the cycle of the sun (Brox, 2010). Historically, lamps have been used from a very long time ago. 
Although forms of the lamps have changed, most of them used fire as the illuminator (An & Kim, 
2008). The bulb that Thomason Edison patented in 1879 is the starting point of the stable and 
bright light. Thanks to the light bulb, humans’ daily activities could be extended to the night 
(Brox, 2010). At the end of the 1920s, the fluorescent light was ready for commercialization 
(Hartog, 2010). The first commercial LED was offered by the Texas Instruments Corporation in 
the early 1960s (Schubert, Gessmann, & Kim, 2005). These days, human beings can freely handle 
the light whenever and wherever. However, the development of new sources of ever more 
efficient artificial lighting is ongoing. 
 
Figure 7 Changes of artificial light source from left to right 
 
2.3.3 Roles of Lighting in Various Fields  
Artificial lighting brightens the space where there is no natural light. Nowadays lighting is used 
not only to brighten space but also to play more diverse roles in various human-products. For 
example, chandeliers have been used for their decorative properties and as a symbol of wealth 
since the fifteenth century (McCaffety, 2006).  A traffic light used in London in 1868 was 
equipped with red and green gas lamps for the night (Tyack, 1938). And an LED indicator on a 
battery charger notifies whether the battery is fully charged or not. The lighting has been 
diversely used in our lives through different types of product. To identify what kinds of role of 
lighting in human-products, research of related literature and study was conducted throughout 
three fields: theatre, architecture and interior design, and interaction study.  
An effective way of using lighting on the stage has been studied in the theatre industry. Initially, 
reflectors was used behind candles from the Renaissance (Essig & Setlow, 2012). One theatre 
studies suggested four roles of lighting: visibility, selective Focus, modeling and mood (Gilette, 
2012). Another study presented nine functions of lighting in the theatre: visibility, environment, 
image, mood, style, modeling form, defining space, visual focus, and pacing and rhythm (Essig & 
Setlow, 2012). Lighting has helped create stage production and has occupied a crucial role. 
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Lighting has been used in architecture and interior design in order to identify space and to create 
atmosphere. Especially, shapes and arrangements of lighting make a different ambience (Choi, 
Kim, Kang, & Nam, 2007; Cuttle, 2008; J.  Kim & Jeong, 2005). 
Different fields were reviewed to identify the roles of lighting. Chang (2010) has defined the two 
roles of lighting: functional aspects and emotional aspects. Another study related to lighting 
interaction has described two roles: information transfer and emotion (J. Kim, 2012). Information 
transfer means that lighting indicates a state of appliance such as connection with the Internet 
network. Emotion means that lighting affects psychological experience by changing sensation or 
perception. According to Baek (2011), the role of lighting has been divided into three roles: to 
indicate state, express brand image, and provide emotional experience. 
In this study, three different fields have been reviewed; theatre, architecture and interior design, 
and interaction studies. Through the literature review, it was found that those fields have used 
lighting in diverse purposes and each field has been continuously studied.  
 
2.3.4 Roles of Lighting in this Study 
Based on the literature review, each study has a slightly different definition about the role of 
lighting, although those definitions had included identical elements to explain the role of lighting. 
New terms and definitions about the role of lighting were needed to understand lighting 
effectively in human-lighting interaction. Therefore, the four new terms and definitions about the 
role of lighting has been defined in our previous study (Jun, Kim, & Kwak, 2014): Visibility, 
Information Transfer, Visual Aesthetic Enhancement, and Emotion Induction.  
 
Visibility  
The fundamental reason of using lighting is visibility. Human beings can perceive objects 
visually thanks to the light that gives stimulation to human brain and visual system. Visibility 
is the most basic and obvious role of lighting in human-product interaction.  
 
Figure 8 The lighting products used for visibility: Fluorescent lamp (left), Streetlamps (right) 
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Information Transfer 
Lighting travels straight and far. And light can catch attention and the focus of people's eyes. 
Hence lighting can transfer information to human vision such as elapsed time and status of 
products.  
 
Figure 9 Examples of information transfer using lighting: Traffic light (left),  
Indicator of appliance (right) 
 
Visual Aesthetic Enhancement 
Lighting enhances visual aesthetic by creating decorative views. Lighting is added to objects 
such as illumination and buildings in order to look better as additional decoration rather than 
its functional element. 
 
Figure 10 Examples of visual aesthetic enhancement using lighting: A gorgeous illuminator 
(left), Landscape outdoor lightings (right) 
 
Emotion Induction 
Lighting is used to create psychological and physical sensations and experiences. The 
representative phenomena are the apparent movement and afterimage. Lighting induces 
emotion according to its phenomena and new experience. 
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Figure 11 Examples of emotion induction using lighting: Pleasant bike lighting (left),             
    Color lighting for house (right) 
Based on new definitions, the conceptual framework of the role of lighting was made as 
shown in Figure 12. The first role, visibility, includes all the other roles because this is the 
most fundamental character of lighting. 
 
Figure 12 The conceptual framework of the role of lighting in human-lighting interaction 
The lighting used in products has more than one role. For example, the projected lighting on 
the building (Figure 13, right) is designed to create a fun or novel experience by altering the 
appearance of the exterior of the building. In addition, this lighting itself enhances the visual 
aesthetic of building at the same time. The information on the signboards (Figure 13, left) can 
be seen clearly from a long distance thanks to lighting. This lighting also enhances the visual 
aesthetic by decorating the signboard.  
 
Figure 13 The Signboard (left), The projected lighting on the building (right) 
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Figure 14 shows a Lampex swing messenger and the use of the Lampex. The Lampex is the 
device that draws a message in the air by exploiting the afterimage effect, while it is swung 
from left to right repeatedly. It brings the pleasure of a new experience, along with 
information transfer, to users. 
 
Figure 14 Lampex swing messenger (left), Image of using the Lampex (right) 
 
Lighting is utilized in various places for particular purposes. The lighting utilized products 
mentioned as examples have been mapped according to their role as shown in Figure 15. The 
diagram helps designers to better understand the role of lighting in products.  
 
Figure 15 Products mapping according to their roles of lighting 
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2.4 Factors of Lighting  
2.4.1 Factors of Lighting in Various Fields  
In the past, humans utilized fire to get light with the use of lamps and candles. Using fire as 
illumination was not an easy way for controlling the intensity and persistence of the light. 
Artificial light sources have diversified with the advance of science and technology. Thanks 
to these developments, it has been possible to control factor of lighting that could not be 
imagined before when we used fire. Therefore, the literature review was conducted to find 
adjustable factors of lighting.  
First, factor of lighting was found easily at the theatre studies. Essig and Setlow(2012) have 
identified seven factors of lighting: intensity, color, direction, distribution, texture, shape, and 
movement. Another theatre study has presented four factors of lighting: distribution, intensity, 
movement, and color (Gilette, 2012). Interaction studies related to lighting have also 
described seven factors: the number of light, intensity, amount of light, type of light, color, 
reaction scheme, and light changes (Chang, 2010). Whereas architecture and interior design 
focus more on the arrangement or position of lighting than the other basic factors of lighting. 
These studies of theatre and interaction have showed that many factors of lighting are 
adjustable and these factors would transfer diverse visual perception to people.  
 
2.4.2 Visual Factors in the Field of Graphics  
While searching the factor of lighting based on the literature review, the visual factors are 
found in the field of graphics. Graphics studies have classified the visual factors for changing 
stimulation, because the graphics field also has a focus on visual information. For example, 
Beritin’s research has presented the original visual variables and has described seven visual 
variables that these units were modified: value, color, size, texture, shape, position and 
orientation (Bertin, 1983). A short description of seven visual variables is shown in Table 1. 
Table 1 Bertin's seven visual variables 
Name Description Picture 
Value Changes from light to dark  
Color Changes in hue at a given value  
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Size Change in length, area or repetition  
Orientation Changes in alignment   
Texture Variation in grain  
Position Changes in the location 
 
Shape Infinite number of shapes  
 
2.4.3 Factors of Lighting in this Study 
Various factors of lighting were found through exploring the literature. Although the 
meanings of lighting factors are similar, the terms representing the factor of lighting are used 
differently. Therefore new terms needed to be refined in order to make certain the concept of 
factor of lighting. Based on the literature review, the seven factors of lighting were 
established: Intensity, Color, Area, Movement, Texture, Distribution, and Shape. 
 
Intensity 
Intensity means the amount of light energy or 
a level of brightness. The unit of intensity 
ranges from weakness to strength. 
 
 
Color 
Color is the results of stimulation in the retina 
by spectrum of light. White light such as the 
sun includes all visible continuous spectrum 
from approximately 700 to 400 nanometers. 
On the other hand, monochromatic light 
includes certain spectrum and it looks like 
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only one color light.  
 
Area 
Area means the illumination area, and it is 
divided into narrow or wide. The emitting area 
changes according to the number of light 
sources. 
 
 
 
Movement  
Movement means automated changes of 
lighting in color, intensity and so on. A 
blinking light is one of the quintessence of 
movement. The state of static means that 
lighting is equal and monotonic. The opposite 
state is dynamic lighting. 
 
 
 
Texture 
Texture is the degree of light scattering and it 
is described as hardness or softness. Hardness 
means dazzling light because of its 
convergence, and softness means blurred and 
delicate light. 
 
 
 
Distribution 
Distribution means the method according to 
direction of the light emitting. The direct one 
is used to spot objects directly and the light 
source could be seen in a spectator’s position. 
On the other hand, the indirect one does not 
expose the light source directly to a spectator 
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and it creates diffuse and reflected light. 
 
 
Shape 
Arrangement, form of surrounding ornament, 
and the outer of light source change shape. 
Lighting shape is divided into simple and 
complex states.  
Figure 16 Diagrams of lighting factor 
The Seven factors of lighting were defined with new terms based on the literature review. The 
seven factors of lighting have something in common with Beritin’s original visual variables 
(Table 1), because those are fundamental visual stimulation. However, lighting can create 
more diverse stimulation than graphics. For example, movement, one of the factors of lighting, 
gives a dynamic state to lighting by changing. On the other hand, graphics are mostly only a 
static state. 
Re-defined factors of lighting would help to understand the various controls of lighting. And 
the adjustable factors of lighting would create different views and transfer diverse visual 
stimulation to human eyes. 
 
2.5 Types of Information in Human-Product Interaction 
2.5.1 Definition of Information 
People always utilize a lot of information during daily life. The definition of information is 
compositions of data in order to understand semantic content (Floridi, 2010). The synthesis of 
data changes its meaning or at least its interpretation by itself (Wurman, 2000). Synthesized 
data appears in various styles such as visual form or audio form and so on, according to 
circumstance and subject of users. Sometimes information is visually confirmed immediately 
or needs to be interpreted, because information is composed of letters or symbols (Oh & 
Kang, 2008). 
Nathan Shedroff has described the process of flowing information in four steps: data, 
information, knowledge, and wisdom (Shedroff, 1999) (Figure 17). Information is the data 
that is converted in a suitable manner in order to communicate to users. Information becomes 
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knowledge based on the user and knowledge extends to wisdom according to user experience 
and environment. People have used the information by processing the data in various fields. 
 
Figure 17 Nathan Shedroff’s a continuum that leads from date through information, 
knowledge, and wisdom 
 
2.5.2 Importance of Visualized Information 
Information is transmitted to people through various senses such as vision, sound and touch. 
However it does not mean that diverse sensory information would lead to better 
understanding (Gibson, 2009). Humans acquire more information through vision than through 
all of other combined senses (Ware, 2013). The method for processing information in the eye 
is much more easy and effective than other senses (Smiciklas, 2012). By extending the 
method of delivering visual information such as paper, video, and computer screens, humans 
has been able to extend the depth of our knowledge and experience (Tufte, 1997).  
The traffic signal is a typical product that uses visualized information using lighting.  In 
particular, visualized information using lighting has increased better effectiveness in the dark 
night. After developing the small light of LED, indicators in electronic appliances have 
started to use lighting. The representative product is the classic IBM system in 1964 (Schubert 
et al., 2005). Transmission of visual information by lighting is more effective for immediate 
understanding of information (Jun & Kim, 2014). The method of information transfer using 
lighting will increase with the expansion of electronic goods and the development of LED 
lighting.   
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2.5.3 Classification of Information Type 
Unfortunately, the classification of data and information is a big issue (Ware, 2013). There are 
many types of classification of information as much as people use. Some classifications of 
information are introduced below. 
One method of categorized information has been divided into two types: quantitative and 
qualitative. And the quantitative information has been classified by using a number of 
concepts: nominal, ordinal, internal and ratio (Ware, 2013). Information is categorized 
according to the subject such as physical information, biological information, economic 
information, and so on. Although the terminology has not been standardized or fixed yet, 
information consists of different types of data: primary data, secondary data, metadata, 
operational data, and derivative data (Floridi, 2010).  One experiment was conducted to figure 
out structured framework for understanding the type of information that people need 
(Dearman, Kellar, & Truong, 2008). This study has been assorted the information as nine 
categories: person, establishment & organization, offering, event, environmental condition, 
trivia & pop culture, finding, availability, and guidance.   
It was hard to decide which information type is better method. Each classification of 
information type had its own valid reason for categorization. Therefore, to determine the type 
of information for this study, a new classification system was defined. 
  
2.5.4 Classification of Information Type in this Study 
Human-product interaction can be described from 
information processing and there are three important 
elements: User, Product and Environment(Rooden, 2001; 
Van Kuijk, 2010). These elements create interaction with 
each other (Figure 18).  
The purpose of this study is to observe the interaction 
between human and product when information transfers 
using lighting. According to the concept of human-
product interaction study with three components, 
information is classified as three categories: User 
information, Product information, and Environmental information. 
The user is the subject that accepts information (Figure 19). At the same time a user produces 
Figure 18 Important elements of   
human-product interaction 
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his own information.  For example, name, birthday, phone number, height, and so on are basic 
user information. In addition, information related to health is personal user information that a 
person has. Information that cannot be recognized by oneself such as blood sugar level is 
delivered to the user through a product. 
Fundamental product information includes its function, size, price, and so on. At the same 
time the product notifies information depending on people’s use such as state of power, 
battery storage, time, and so on. This information is related to product and usage of product.  
Environmental information includes weather, geography, traffic and so on. Environment 
information is closely related to human life. However this information is too hard to control 
arbitrarily. People can get environmental information directly by human senses, and this 
information is delivered through some products such as phone, television, and so on. 
 
Figure 19 The three information types: User, Product, and Environmental 
 
2.6 Conclusions  
This literature review was conducted to gain a theoretical foundation related to light, visual 
perception, lighting, and information. Through this review, the light definition and the visual 
perceptual process were investigated. There have been different terms in defining the role and 
factor of lighting throughout literature. New representative terms for the role and factor of 
lighting were defined in order to help the comprehension and avoid misunderstanding. 
Therefore the role of lighting was defined in four purposes: Visibility, Information transfer, 
Visual aesthetic enhancement, and Emotion induction. And the factor of lighting was 
classified in seven factors: Intensity, Color, Movement, Area, Texture, Distribution, and 
Shape. 
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At last, information was surveyed on how to define and classify in other research. There were 
no fixed methods to distinguish types of information. Classification of information type was 
used variously depending on research. Therefore, three types of information were defined for 
this study, User information, Product information, and Environmental information, and 
different characteristics of each information types were found.  
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3. Methodology 
 
3.1 Introduction 
The theories related to vision, light, lighting, and information have been investigated in the 
previous part. Usage of lighting in information transfer, one of the roles of lighting, has been 
increasing in consumer electronic products whit the advent of LED lighting. LED lighting is 
much smaller, lighter in weight, and more efficient than earlier types of light source. Besides, 
lighting factors can be easily digitally adjusted with LED lighting.  
Lighting has already been applied to consumer electronic products for transferring 
information in a richer and more effect manner. For example, the indicator of battery charger 
gives information through the LED lighting whether the battery is fully charged or not. There 
are several factors of lighting based on the literature review as already shown in Section 2.4.3. 
However, the current application of lighting in information transfer mostly focuses on simple 
interactions. Considering various factors of lighting can be adjusted especially with LED 
lighting, the scope of information delivery can be abundant. 
An experiment was designed to evaluate which factors of lighting are effective when lighting 
is used to transfer information. Lighting factors and their levels were determined for 
controlling elements in the experiment. Representative products were selected according to 
the types of information in human-product interaction and each product was tested with three 
scenarios. After selecting three products, experimental products were made with Arduino and 
LED lighting: blood pressure gauge, external hard disk, and ozone concentration indicator. 
The experiment was conducted with 30 participants.  
 
3.2 Experiment Design 	  
3.2.1 Determining Research Method  
Several methods were found out to identify human-lighting interaction based on the literature 
review. Chang’s study (2010) made comparison of present products focusing on lighting 
interface of washing machines. Baek (2011) conducted an experiment to identify human-
lighting interaction with only single point lighting on a white board (Figure 20, left). 
Particular experimental environment was made to figure out the information visualization 
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with display lighting (Holmquist & Skog, 2003) (Figure 20, middle). To conduct an 
experiment with single point lighting of smartphone, the real experimental prototype was 
created  (Figure 20, right) and participants evaluated the movement patterns of single point 
lighting by watching videos through a computer monitor (Harrison et al., 2012). 
 
Figure 20 Experimental contexts of several studies 
There is no standardized method to research for lighting interaction of product. Therefore, an 
experiment in this study needed to deal with real lighting than using a monitor because 
lighting on the flat monitor or video could not create real lighting context such as scattering 
and dazzling. The experiment should be conducted with prototype at real context where 
people usually use the product. 
 
3.2.2 Determining the Factors of Lighting and Their Levels  
To find out the interaction between human beings and lighting in information transfer, the 
experiment was designed. At first, the factors of lighting determined in the experiment were 
determined. Previously seven lighting factors were identified: Intensity, Color, Area, 
Movement, Texture, Distribution, and Shape. Although Shape is one of elements in lighting 
factor, it was excluded from this experiment because the shape of lighting refers to the 
appearance of the lighting and it represents aesthetics rather than information transfer. 
Therefore six factors of lighting were only determined in the experiment: Intensity, Color, 
Area, Movement, Texture, and Distribution.  
The level of each factor was also determined according to three scales: weak, moderate, and 
strong. Exceptionally, there were four levels for color: Red, Green, Blue and White. RGB, the 
three primary colors of light, was added to the white color that it was basic lighting color in 
our life. And there were also two types of distribution: direct and indirect. The level of each 
factor for control was shown in Table 2.  
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Table 2 Control levels of each lighting factor 
Factor of lighting 
Control Level 
1 2 3 4 
Intensity Weak Moderate Strong  
Color White Red Green Blue 
Area Narrow  Moderate  Wide  
Movement Non-blink Slow Blink  Rapid Blink  
Texture Weak  Moderate  Strong  
Distribution Direct Indirect   
 
3.2.3 Experiment Products  
Some products such as battery charger indicator and wireless router (Figure 21) have already 
used lighting to transfer information. If those kinds of products are used in this study that has 
been experienced by a majority of people, such prior experience could influence the 
experiment, leading to biased result of the experiment. Therefore it was necessary to find new 
products that have not used lighting as a means of information transfer before. 
 
 
Figure 21 Examples of battery charger indicator (left) and wireless router (right) 
The type of information could be divided into three categories depending of the source of 
information: User information, Product information, and Environmental information as 
already described above. Each experimental product needed to represent each type of 
information, and at the same time, the product has not used lighting before to transfer 
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information. Moreover, the information that the product would deliver should be as familiar 
as one that people have experienced before. Otherwise, they could hardly understand what the 
product is for and how it can be used. Based on those criteria, three representative products 
were selected for the experiment. 
The product representing user information was a blood pressure gauge. Blood pressure is a 
type of personal user information. This information has been delivered with numbers 
indicating the blood pressure of the user (Figure 22, left). The device representing product 
information was an external hard disk. The storage information of hard disk has been given 
with numbers too (Figure 22, middle). The weather is one of the most definite environmental 
information and it is informed everywhere through news, Internet, smart phone and so on. So, 
ozone concentration indicator was selected as the device representing environmental 
information, which has already been known in human life but such information was 
transferred with numbers only (Figure 22, right). 
 
Figure 22 Current ways to transfer information (from left to right): blood pressure gauge, 
external hard disk, and ozone concentration indicator 
 
3.2.4 The Development of Usage Scenario  
Three products representing each information type were determined: blood pressure gauge, 
external hard disk, and ozone concentration indicator. Each product had three scenarios 
related to their information. The blood pressure gauge could indicate how high or low the 
blood pressure of the user is with lighting. The scenario of the external hard disk was related 
to the rest of storage space. Lighting could help indicate the state of remaining storage space. 
The scenario of ozone concentration indicator could display the warning level with regard to 
ozone concentration. The scenarios of each product are shown in detail in Table 3. 
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Table 3 Scenario according to product type 
Product Type Scenario 
Blood pressure gauge 
1. High blood pressure 
2. Low blood pressure 
3. Normal condition 
External hard disk 
1. The storage space is full 
2. The half of storage space is filled 
3. The storage space is almost empty 
Ozone concentration 
indicator 
1. Too high ozone concentration (Inappropriate for everyone to go out) 
2. High ozone concentration (Inappropriate for the old and weak to go out) 
3. Normal condition (Appropriate for outdoor activity) 
 
3.3 Apparatus 
3.3.1 Creating Experimental Products 
To make it possible to control each factor of lighting with products, experimental devices 
were made with Arduino and LED lighting. Before making the appearance design, program 
coding was done in advance. Arduino was used to program the controller and Adafruit’s LED 
was used to show lighting. Parts of the prototypes with Arduino and the LED are as shown in 
Figure 23. 
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Figure 23 Prototypes with wire connected to the Arduino and the LED 
After making internal parts of the prototypes, the appearances of the experimental devices 
were manufactured through 3D printing technology. The outward frames were modeled 
through a Computer Assisted Design (CAD) program and 3D-printed out in Figure 24. 
 
Figure 24 Frames modeled through CAD program (left) and 3D printing (right) 
The outward frames of all devices took simple rectangular shapes because appearance itself 
(e.g. fancy form) might affect participants, which could bias the results of the experiment. 
And simple shape would also be helpful to concentrate on the manipulation of the lighting. 
(Figure 25) 
 
Figure 25 Outward frame (from left to right): blood pressure gauge, external hard disk, and 
ozone concentration indicator 
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The control box for the experimental products also took a simple rectangular shape. The box 
was equipped with Arduino inside and four potentiometers protruded on the box as shown in 
Figure 26. The outward frame of the control box was also 3D-printed.  
 
Figure 26 Outward frame of the control box inside (left) and outside (right) 
Three experimental devices were made with LED and Arduino for this experiment (Figure 
27). Each device included two parts; product and control box. All control boxes have four 
tuning switches to adjust level of lighting factor: Intensity, Color, Area, and Movement.  
 
Figure 27 Complete devices (from left to right): blood pressure gauge, external hard disk, and 
ozone concentration indicator 
These control knobs could adjust its level depending on the degree of turn. Each level of 
Intensity, Color, and Area was shown in Figure 28,29, and 30 as an example of the external 
hard disk. The other products functioned in the same way. The Movement does not appear in 
the figure because it worked very quickly and was impossible to capture photographically: the 
speed of slow blink was 1 Hz, and the speed of rapid blink was 5 Hz.  
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Figure 28 Level of Intensity (from left to right): weak, moderate, and strong 
 
Figure 29 Level of Color (from left to right): white, red, green, and blue 
 
Figure 30 Level of Area (from left to right): narrow, moderate, and wide 
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Three films that have different thickness were used for controlling Texture of lighting: the 
thicker film was used, the light was scattered more. Texture levels were too difficult to 
capture in pictures by a camera, so the pictures were taken at a dark room as show in Figure 
31.  
 
Figure 31 Level of Texture (from left to right): weak, moderate, and strong  
 
A cover was used to control Distribution (Figure 32). When the light source is covered, this 
condition refers to indirect lighting. On the other hand, the cover is off from the light source, 
it refers to direct lighting. 
 
Figure 32 Level of Distribution: direct lighting (left), indirect lighting (right) 
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3.3.2 Lighting Factor Card  
In order to identify which factor of lighting in information transfer is dominant, the 
participants were asked to rank the factor of lighting according to the importance in 
perceiving the information. To gather this data, card-sorting method was used to figure out 
which factor is more important than others. For this method, a card set including an icon and 
brief description of each factor was designed (Figure 33). 
 
Figure 33 A card set consisting of six cards on which the icon and description of each factor 
of lighting are described 
 
3.4 Sample  
Participants were recruited though an off-line advertisement. Thirty participants were 
recruited for this experiment and they gained a fee after finishing the experiment. Fifteen 
people were males and the others were females. The age of participants ranged from 19 to 25 
years old and the average was 20.7 years old. All participants were undergraduate school 
student at UNIST and most of them were non-design school students.  
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The experiment consists of three sub-experiments with different experimental products. 
Participants were invited to Home Lab at the School of Design and Human Engineering, 
UNIST and carried out one sub-experiment per a day. Each participant attended all three sub-
experiments for total three days.  
 
3.5 Procedure 
3.5.1 Experimental Place Set-up  
The experiment was conducted in each experimental space where people would use the 
experimental products in reality-similar environment. The sub-experiment of blood pressure 
gauge was progressed in Home Lab, a virtual home where the real living room of a house was 
built in laboratory. The sub-experiment of external hard disk was conducted in a place with 
the computer and desk. And the sub-experiment of ozone concentration indicator was 
conducted in Home Lab too (Figure 34). The Warning of ozone is mostly alarmed during 
daytime in real life. Accordingly the sub-experiment related to ozone was conducted only 
during daylight hours. 
 
Figure 34 The experimental environments (from left to right): blood pressure gauge, external 
hard disk, and ozone concentration indicator 
 
3.5.2 Experimental Procedure   
There were three sub-experiments according to experimental product types. For example, one 
of the male participants arrived at Home Lab for a sub-experiment of blood pressure gauge. 
He was received a brief instruction of the sub-experiment and spent some time in getting 
accustomed to the device and knowing how to use it. He was given one of three scenarios 
related to blood pressure gauge in random order to avoid order effects. Then, he adjusted each 
level of lighting factors in a way that he think it is most appropriate to perceive the 
information of given scenario (Figure 35). A guide of the experiment recorded the answer of 
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participant. In the same way, participant was given another scenario and adjusted repeatedly 
until finishing all three scenarios. Next, the participant received six cards (Figure 36) that 
described each factor of lighting. He was asked to rank each factor according to the 
importance that they got through on the experiment in delivering information for given 
scenarios (Figure 37). After finishing this part, a retrospective interview was conducted in 
order to understand why participant had chosen such levels: first, the reason why participant 
chose specific levels of the factors in each scenario was revealed. And the participant 
responded to why they had determined the ranking. Lastly, Participant was asked to give their 
opinions about the strength and weakness of information transfer with lighting. 
One sub-experiment including three scenarios and the interview took around 20 minutes per 
one participant. After one sub-experiment was over, participant left the experimental place. 
And later participant took part in other product’s sub-experiments on another day. One sub-
experiment was conducted for a day. And the procedure mentioned above was equally 
repeated for each experimental product with 30 participants. 
 
Figure 35 Participants adjusting the levels of each factor in the experiment (from top to 
bottom): blood pressure gauge, external hard disk, and ozone concentration indicator 
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Figure 36 The actual card set used in the experiment 
 
 
Figure 37 Participants ranking the factors of lighting with the lighting factor cards in the 
experiment (from top to bottom): blood pressure gauge, external hard disk, and ozone 
concentration indicator 
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4. Results 
 
4.1 Introduction 
To reveal the roles of lighting factors in information transfer, the experiment was conducted. 
Three representative products were chosen for this experiment: blood pressure gauge, external 
hard disk, and ozone concentration indicator. Three usage scenarios were given for each 
product. For the blood pressure gauge ‘high blood pressure’, ‘low blood pressure’, and 
‘normal condition’ were given. For the external hard disk, they were ‘the storage is full’, ’the 
half of storage is filled’, and ‘the storage is empty’. For the ozone concentration indicator ‘too 
high ozone concentration’, ‘high ozone concentration’, and ‘normal condition’ were given. 
A sample of 30 people participated in the experiment. They controlled factor of lighting by 
themselves and set the state of intensity, color or movement best to deliver information of 
given scenario. Next, participants were asked to rank the factor depending on how important a 
role the factor played in order to represent each scenario. Finally, the interview was conducted 
in order to figure out the reason for setting and ranking the factor. Participants were asked to 
tell their opinions about information transfer using lighting. 
At first, analysis of experimental data was focused on the ratio of the same answers in 
accordance with the scenario of each product. For example, the results presented how many 
participants had chose the same level of lighting factor to represent the information. A 
Kruskal-Wallis test was conducted to statistically identify which factor of lighting affected the 
visual perception of information statistically.  
Then, another analysis was carried out to compare the ranking of the results of card sorting. 
The means value of the answers given by participants were taken in order to compare the 
importance of each lighting factor. A Friedman test was conducted to figure out whether the 
rank of each lighting factor is consistent or different among the experimental products. 
The results of the retrospective interview were described at the end of each case. The reasons 
that participant had chosen a certain level of lighting factors were presented at the end of 
Section 4.2. And the reasons of prioritizing the factors of lighting were described at the end of 
Section 4.3. Finally, the opinions of participants regarding the strength and weakness of 
lighting-based information were presented.  
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4.2 The Usage of Lighting Factors in Information Transfer 
4.2.1 Case One: Blood Pressure Gauge 
There were three scenarios of blood pressure gauge: high blood pressure, low blood pressure, 
and normal condition. The results of thirty participants’ answer are shown in below pie chart, 
interview, and statistical analysis. 
Pie chart presents the rate of same answers in accordance with the scenarios of blood pressure 
gauge (Figure 38). 
At the two scenarios: high and low blood pressure, almost half participants chose strong 
intensity. On the other hand, 47% of participants selected weak intensity in normal condition. 
Almost all participants selected red color in high blood pressure. The 30% of participants still 
chose red lighting in the scenario of low blood pressure. However, half of the participants 
selected the blue color. In the normal condition, 50% of participants chose green color and 
33% chose white color. 
Rapid movement was preferred by 63% when blood pressure is high. 47% of participants still 
chose rapid movement in the scenario of low blood pressure. Most participants preferred non-
movement in the normal scenario. 
More than 70% of participants selected wide area in high blood pressure and 57% of 
participants chose wide area as well in low blood pressure. On the other hand, 50% of 
participants preferred moderate area in normal condition. 
When blood pressure was high or low, all levels of texture were almost equally selected. In 
the normal condition, 57% of participants chose strong texture. 
The 73% of participants preferred the direct lighting in high blood pressure. 67% of 
participants selected direct lighting as well in low blood pressure, although the selection of 
indirect lighting slightly increased. In the normal condition, 63% people preferred indirect 
lighting. 
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Figure 38 The usage percentages of each factor according to scenario of blood pressure 
gauge 
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Through the interview, the reason that participants selected the level of lighting factor was 
identified.  
Participants chose strong intensity in order to perceive the dangerous state of high and low 
blood pressure. On the other hand, they selected weak intensity in normal state when the 
alarm was not required.  
Red color was selected in order to present dangerous situation in high blood pressure. Some 
participants still chose red color for the dangerous alarm in low blood pressure. However half 
participants selected blue color for low blood pressure in contrast with red color for high 
blood pressure. They considered that blue color indicates low and cold state. Green 
represented safe situation in the normal blood pressure. In normal condition some people 
chose white color to present the non-problem state. 
There were two main reasons for participants to choose the rapid movement in the high blood 
pressure. The first reason was transmission of alarm, and the other was that the fast flowing of 
blood well matched the state of rapid blink. Even rapid movement was chosen in order to 
show alarm in low blood pressure. Otherwise some participants selected slow movement to 
present low blood pressure. Most participants preferred non-blink lighting in the normal 
condition to avoid nerves.  
Some participants considered that wide emitting area was regarded as high blood pressure and 
narrow area was low blood pressure. However, more than half of participants selected the 
wide area in order to notify the information, regardless the state of high or low. Moderate area 
was selected because there was no urgent alarm in normal condition.  
Although there was no special reason to select level of texture in high and low blood pressure, 
half of the participants chose strong texture in order to avoid glare in normal condition. 
Participants preferred direct lighting in high and low blood pressure, because the direct 
lighting looked better to deliver lighting information than indirect lighting. On the other hand, 
a few participants selected the indirect lighting in all scenarios, because this device was close 
to human eyes. Many participants chose indirect lighting in normal condition, because alarm 
was not required in this state.  
A Kruskal-Wallis test was conducted to identify that which factor of lighting affected the 
perception of information between the scenarios of blood pressure gauge (Table 4). 
Information transfer in blood pressure gauge significantly was affected by most factor of 
lighting except Texture. Intensity affected significantly information transfer [H(2) = 10.23, p 
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< .05]. Strong intensity was used to deliver a high and low state and weak intensity informed 
the normal condition. Color affected significantly information transfer significantly [H(2) = 
8.36, p < .05]. Red presented high blood pressure and blue presented low blood pressure. 
Green delivered normal condition. Movement affected significantly information transfer 
[H(2) = 46.71, p < .05]. Rapid blink indicated high and low blood pressure and non-blink 
delivered the normal condition. Area affected significantly information transfer [H(2) = 10.26, 
p < .05]. Wide area presented high and low state and moderate area indicated the normal 
condition. The factor of Distribution affected significantly information transfer [H(2) = 9.35, 
p < .05]. Direct lighting presented high and low blood pressure, and indirect lighting 
delivered normal state. Texture did not affect information transfer in blood pressure gauge. 
 
Table 4 The Kruskal-Wallis test value for the comparison of six lighting factors in scenarios 
of blood pressure gauge 
Factor of lighting Chi-Square df Sig. 
Intensity 10.227 2 0.006* 
Color 8.356 2 0.015* 
Movement 46.714 2 0.000* 
Area 10.263 2 0.006* 
Texture 5.669 2 0.059 
Distribution 9.349 2 0.009* 
*p < .05. 
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4.2.2 Case Two: External Hard Disk 
There were three scenarios of external hard disk: the storage is full, the half of storage is 
filled, and the storage is almost empty. The results of thirty participants’ answer are shown in 
below pie chart, interview, and statistical analysis. 
Pie chart presents the rate of same answers in accordance with the scenarios of external hard 
disk (Figure 39). 
When the storage was full, 47% of participants chose moderate intensity. The selection of 
moderate intensity was 70% when the half storage was filled. In the case of the empty 
storage, all level of intensity most equally was selected. 
Almost all participants chose the red color when the storage was full. The red color was not 
chosen in any other scenarios. When the half storage was filled, blue and green were selected 
as 40% each. 64% of participants chose the white color when the storage was empty.  
When the storage was full, 30% of participants chose rapid blink lighting and 47% selected 
slow blink lighting. Total 77% of participants selected blink lighting for full storage. 
However, in other scenarios most participants preferred non-blink lighting. 
When the storage was full, all levels of area were almost equally selected. The moderate area 
was substantially selected as 63% when the half storage was filled. When the storage was 
empty, narrow area was chosen by 40% and wide area was chosen by 37%. 
Half of participants selected strong texture when the storage was full. When the half storage 
was filled, 54% participants chose moderate texture. Also strong texture was selected by 50% 
when the storage was empty. 
Most participants preferred the direct lighting in all three scenarios. However, there were a 
few participants to select indirect lighting. Selection of indirect lighting slightly increased 
when the storage is empty. 
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Figure 39 The usage percentages of each lighting factor according to scenario of external 
hard disk 
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Through the interview, the reasons that participants had chosen the level of lighting factor 
were identified.  
Some participants selected strong intensity to show the information clearly. Or in order to 
perceive a strong message that storage was full, they chose strong intensity. When the half 
storage was filled, moderate intensity was selected because no warning information was 
necessary. Although the storage was empty, participants chose strong intensity to perceive the 
state of whether it was connected to the electric outlet.  
The red color was selected in order to alert that there was no extra storage space. Participants 
considered that the white color presents an empty situation like white paper. The reason of 
chosen green color was to show the state of remaining quite space for storage. And some 
participants chose blue color, because they considered that blue color matches the meaning of 
computer and technology.  
Participants considered that blink lighting delivers alert state and attracts attention from them. 
Therefore, most participants selected blink lighting when the storage was full. On the other 
hand, participants thought that blinking light was disturbing when the alarm was not required.  
The selection of area was irregular because some participants selected the wide area 
indicating the remaining storage space, while someone selected the wide area, which in this 
case implies the used storage space.  
Although there was no special reason to select particular levels of texture, many participants 
preferred scattered lighting more with strong texture.  
Most people chose direct lighting in information transfer because indirect lighting could 
hinder their perception of the light. On the other hand, only a few people selected the indirect 
lighting because of its aesthetical characteristic. 
A Kruskal-Wallis test was conducted to identify that which factor of lighting affected the 
perception of information between the scenarios of external hard disk (Table 5).  
The factor of Color significantly affected information transfer in external hard disk [H(2) = 
19.34, p < .05]. Red color was preferred when the storage was full, and white color was 
commonly selected in empty storage. And the factor of Movement also significantly affected 
[H(2) = 40.41, p < .05]. Slow blink lighting presented the state of full storage and non-blink 
lighting was used in half filled and empty storage state. The factors of Intensity, Area, Texture 
and Distribution did not affect information transfer in external hard disk. 
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Table 5 The Kruskal-Wallis test value for the comparison of six lighting factors in scenarios 
of external hard disk 
Factor of lighting Chi-Square df Sig. 
Intensity 1.656 2 0.437 
Color 19.338 2 0.000* 
Movement 40.407 2 0.000* 
Area 1.029 2 0.598 
Texture 0.594 2 0.743 
Distribution 0.539 2 0.539 
*p < .05. 
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4.2.3 Case Three: Ozone Concentration Indicator 
There were three scenarios of ozone concentrations indicator: Too high ozone concentration 
(inappropriate for everyone to go out), high ozone concentration (inappropriate for the old and weak 
to go out), and normal condition (appropriate for outdoor activity). The results of thirty 
participants’ answer are shown in below pie chart, interview, and statistical analysis. 
Pie chart presents the rate of same answers in accordance with the scenarios of ozone 
concentration indicator (Figure 40). 
The 73% of participants chose strong intensity when ozone concentration was too high. More 
than half participants selected strong intensity in high ozone concentration as well. The most 
common choice in the normal condition was moderate intensity. 
Almost all participants selected red color in too high ozone concentration. In high ozone 
concentration although red color was still selected by 57% of participants, the other colors 
were chosen little by little. Green and white were chosen by each 40% in the normal 
condition. 
When the ozone concentration was too high, 40% of participants chose rapid movement that 
was not chosen in any other scenario. Although 43% of participants selected slow movement, 
more than half participants preferred non-blink lighting in high ozone scenario. In the normal 
condition, all participants selected non-blink lighting. 
Wide area was selected by 86% when ozone concentration was too high. In high ozone 
scenario, moderate area was chosen by 70%. In the normal condition, most common choice 
was wide intensity by 47% and selection of moderate area was as high as 40%. 
Although selection of strong texture was high in the all scenario, the other level of texture 
was chosen by range from 20% to less than 40%. 
Most participants preferred the direct lighting in all three scenarios. However there were a 
few people to select indirect lighting. Selection of indirect lighting slightly increased in 
normal condition.  
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Figure 40 The usage percentages each factor according to scenario of ozone concentration 
indicator 
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Through the interview, the reason that participants chose the level of lighting factor was 
identified.  
Participants told that the strong intensity was associated with a dangerous situation. 
Therefore, they selected brightest intensity when outdoor activity was more risky. 
Red color was chosen to notice the alarm of dangerous outside when ozone concentration was 
too high. Although half participants also selected red color in high ozone concentration, the 
others chose different colors because it is possible for general people to go outside. In normal 
condition, the green color was selected as the meaning of safety for outdoor activity, and 
white color was chosen as the meaning that alarm was not required.  
In order to perceive the too high ozone concentration, participants preferred blinking light. On 
the other hand, blinking light was not selected at all in a normal condition, because blinking 
light was considered disturbing.  
Participants presented the difference between too high and high ozone concentration by 
controlling area. The wide area meant too high ozone concentrations, and middle area meant 
high ozone concentrations. Whereas a narrow area was not preferred in normal condition in 
order to show the connection of power. 
Regarding texture, participants preferred scattered lighting by strong texture. 
Participants preferred direct lighting in all scenarios in order to deliver exact information. 
However a few participants wanted indirect lighting, because it looked beautiful than direct 
lighting.  
A Kruskal-Wallis test was conducted to identify that which factor of lighting affected the 
notification of information in the scenario of ozone concentration indicator. (Table 6)  
Intensity significantly affected information transfer in ozone concentration indicator [H(2) = 
8.99, p < .05]. Strong intensity presented too high and high ozone concentration. Movement 
significantly affected information transfer [H(2) = 31.97, p < .05]. Rapid movement delivered 
the notification of too high ozone concentration. Non-movement indicated high ozone 
concentration and normal condition. Area significantly affected information transfer [H(2) = 
21.22, p < .05]. Wide area delivered the state of too high ozone concentration and moderate 
area presented high ozone concentration. The factors of Color, Texture, and movement did not 
affect information transfer in ozone concentration indicator.  
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Table 6 The Kruskal-Wallis test value for the comparison of six lighting factors in scenarios 
of ozone concentration indicator 
Factor of lighting Chi-Square df Sig. 
Intensity 8.991 2 0.011* 
Color 2.932 2 0.231 
Movement 31.968 2 0.000* 
Area 21.217 2 0.000* 
Texture 1.796 2 0.407 
Distribution 4.182 2 0.124 
*p < .05. 
 
4.2.4 The Influence of Lighting Factors between Case Products  
The significant values of each product were presented in as shown in Table 7 to compare 
between case products. In case of blood pressure gauge, five factors had influence: Intensity, 
Color, Movement, Area, and Distribution. In case of external hard disk, Color and Movement 
had influence on information transfer. In case of ozone concentration indicator, three factors 
had influence: Intensity, Movement, and Area. As the results of comparing between case 
products, Movement affected all scenarios of case products. On the other hand Texture did not 
affect all scenarios.  
 
 
 47 
Table 7 The significant values of Kruskal-Wallis tests between case products 
Product type  Intensity Color Movement Area Texture Distribution 
Blood pressure gauge  .006* .015* .000* .006* .059 .009* 
External hard disk 0.437 .000* .000* .598 .743 .539 
Ozone concentration 
indicator 
.011* .231 .000* .000* .407 .124 
*p < .05. 
 
4.3 Prioritizing Lighting Factors in terms of Information Transfer 
Participants were asked to rank the factors according to the importance of information 
transfer through the card sorting method. The most important factor was given six points and 
the least important factor was given one point. The mean value of the answer given by 30 
participants was analyzed. The mean value of each factor was presented according to 
experimental product as shown in Figure 41. In case of blood pressure gauge, the order of 
importance was Color > Movement > Area > Intensity > Distribution > Texture. In case of 
external hard disk, the order of importance was Color > Intensity > Movement > Area > 
Distribution > Texture. In case of ozone concentration indicator, the order of importance was 
same with blood pressure gauge: Color > Movement > Area > Intensity > Distribution > 
Texture  
Color was perceived as the most influential factor commonly in all experimental products. 
Movement and Area were the second and third important factors in both blood pressure gauge 
and ozone concentration indicator. However, Intensity was the secondly important factor only 
in the external hard disk, followed by Movement and Area. In all experimental products, 
Distribution was fifth-ranked. Texture was the least important factor in all-experimental 
products. 
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Figure 41 Mean value of prioritizing lighting factors according to product types 
 
To identify the reasons of their prioritizing lighting factors in information transfer a 
retrospective interview was followed after the main experiment. 
Color was the most important factor because they could intuitively perceive the meaning of 
information (e.g. red refers to danger or warning). Someone mentioned that Movement was 
the most important factor in information transfer because Movement easily attracts people’s 
attention. In addition, although the color-blind cannot distinguish color change, they can 
recognize a blinking light. 
Following Color and Movement, it turned out that Area and Intensity were also important to 
create visual stimulation. This was because lighting-based information is more conspicuous 
with wide area or strong intensity. Participants considered that texture is not important to 
present information because it is difficult to distinguish levels as information. 
A Friedman test was conducted in order to identify if there is a statistically significant 
difference in ranking the lighting factors among experimental products. SPSS 20 was used for 
the analysis and the results were shown in Table 8. 
There was no significant difference in Color by three products [𝜒2 (2)=1.08, p > .05]. 
Therefore Color was the most dominant factor in information transfer regardless of product 
type considering the results in Figure 10. The importance of Intensity significantly changed 
over three products [𝜒2 (2)=6.81, p < .05]. Intensity was more important in external hard disk 
than in blood pressure gauge and ozone concentration indicator. The importance of Movement 
significantly changed over three products [𝜒2 (2)=7.61, p < .05]. Movement was more 
important in both blood pressure gauge and ozone concentration indicator than external hard 
disk. The other factors such as Area, Distribution and Texture did not show a significant 
difference between three experimental products.  
 
 49 
Table 8 The Friedman test value for comparison of different importance of lighting factor 
according to product types 
Lighting factor N Chi-Square df Asymp. Sig. 
Intensity 30 6.805 2 0.033* 
Color 30 1.077 2 0.584 
Movement 30 7.605 2 0.022* 
Area 30 0.966 2 0.617 
Texture 30 3.947 2 0.139 
Distribution 30 0.750 2 0.687 
*p < .05. 
 
4.4 Opinions of participants about lighting-based information transfer 
At the end of interview, participants were asked their opinions about what advantage and 
disadvantages of lighting-based information transfer would have.  
According to them, the advantage in all experimental products was easy to perceive at a 
glance, which is intuitive. However, the disadvantage of lighting-based information transfer 
was that lighting did not provide detailed numerical information compared to character 
information.  
Apart from that participants gave particular comments related to products. For instance, many 
participants mentioned that the lighting-based information transfer in blood pressure gauge 
would be useful to the elderly who has poor eyesight because the elderly is not easy to 
perceive the numbers on display. Although they could see the number, it might be difficult to 
figure out the meaning of the number, too. Another interesting comment was that people 
around the elderly user could help them when the elderly is in emergency state. For example, 
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blinking light could warn not only the elderly user but also people around him or her. On the 
other hand, there was an opinion that the lighting-based information transfer seems less 
efficient in bright surroundings where is outdoor in the daytime. 
The lighting-based information transfer in external hard disk would be useful during daytime, 
but it would be annoying in the night because of the dazzling light. Participants preferred 
visible lighting-based information only in case that the information is urgently necessary.  
According to some participants’ comments, ozone concentration indicator would be useful for 
families who have young children. Parents could warn their children not to go outside if the 
indicator shows red color. Although too large indicator might disturb interior design, well-
designed product would improve home decoration together with the function of information 
transfer. 
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5. Conclusions and Implication 
 
5.1 Conclusions  
Vision is the most important sense among the human senses and light is necessary in order to 
gain visual stimulation. Thanks to the development of artificial light sources, the role of 
lighting is diverse. The four roles of lighting were defined in the study: Visibility, Information 
transfer, Visual esthetic enhancement, and Emotion induction. Especially with the advent of 
LED lighting, individual factor of lighting can be easily controlled. Nonetheless, only a few 
factors have been applied to present products in information transfer. Therefore, this study 
aimed to explore intuitive and enriched information transfer with various lighting factors. An 
experiment was designed to answer the research questions. 
The six factors of lighting were adopted for the experiment: Intensity, Color, Area, 
Movement, Texture, and Distribution. Three representative products were determined 
according to type of information in human-product interaction: blood pressure gauge (user 
information), external hard disk (product information), and ozone concentration indicator 
(environmental information). A sample of thirty people participated in the experiment and the 
experiment was followed by retrospective interview.  
As the results, Movement was one of most effective factors between scenarios attracting 
people’s attention by blinking light. However, Movement should be utilized carefully because 
too much blinking might evoke annoyance. Color was one of important factors in prioritizing 
lighting factors among six factors because colors represent different meanings. 
Obviously it was expected that Movement and Color were remarkable factors because these 
factors were already used in the current products. However, this study included four other 
factors such as Intensity, Area, Texture and Distribution. For example, Distribution indicated a 
particular usage in user information to reduce eyestrain when information was not needed. 
Intensity and Area were effective to transfer information in user and environmental 
information because these types of information are close to our health. Therefore, this study 
found that the role of lighting factors in information transfer is depending on information 
types. 
Much information is provided on screen display with numbers and letters. Information 
sometime needs to be interpreted and this situation disrupts intuitive recognition. Although 
lighting-based information could not provide accurate numerical information, the study 
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identified that lighting-based information could be intuitive and quick deliver information.  
Limitation of this study was that we only focused on three products in the experiment, 
however there are many different kinds of product. Thus application of diverse electronic 
appliances is required. Besides, more and diverse participants than this study’s participants 
would derive generalized result of interaction. This study was conducted with simple shaped 
prototypes in order to focus on only the effect of lighting factors in information transfer. If the 
products were well designed, those products would become more attractive in addition to 
information transfer. Therefore, further study will be designed to explore diverse roles of 
lighting in human-product interaction.  
 
5.2 Implication  
Controlling lighting factors is one of simple methods to make visual information. There are 
good examples among personal care products that utilize lighting to deliver information. 
Wake-up lighting informs time to wake up a user by using lighting instead of alarming sound 
(Figure 42, left). Birdie table lighting represents the temperature of the room where an infant 
is sleeping by using changing color (Figure 42, middle). Green light bird indicates low 
temperature and red light bird means high temperature for the infant. Utilizing lighting 
interaction is not limited to personal care products but it is applied to public place as well. For 
instance, parking space indicator delivers information about empty space for parking by using 
lighting color (Figure 42, right).  
 
Figure 42 Examples of implication (from left to right): Wake-up lighting, Birdie table 
lighting for infant and Parking space indicator  
We can easily generate new ideas related to lighting interaction using lighting factors and 
information types. For example, Figure 43 indicates new idea to deliver information of 
sleeping time using Intensity. The findings of this study can be applied to product or service 
for more positive experience in information transfer by controlling lighting factors and this 
study will be helpful for designer to understand the roles of lighting and design their own 
work. 
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Figure 43 Idea table for generating new lighting interaction 
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